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ULTRASONIC MEASUREMENT OF STRESS IN RAILROAD WHEELS 
AND IN LONG LENGTHS OF WELDED RAIL 

SUMMARY 


Many stress related material failures are associated with high speed 
rail transportation. High compressive residual stresses exist in the rims of 
new wheels. Emergency braking of high speed trains generates excessive heat 
in the rims, reducing the stress levels existing there. Consequently, cracks 
in a rim and explosive type wheel failures can result if 1 e high initial compres- 
sive stress becomes too low. Many stress-related rail failures also occur. 
Thermal stresses that can cause failure build up in long, continuous lengths of 
welded track. In summer, heat-induced compressive stresses may cause rail 
to buckle and the low temperatures in winter result in tensile stresses that can 
break rail. Work described in this report was initiated to develop nondestruc- 
tive methods of measuring stress in thick steel so Improperly stressed wheels 
and rail can be identified and replaced or adjusted before hazardous failures 
occur. Applicable ultrasonic techniques have been applied to these problems. 

The determination of stress levels using the ultrasonic method consists 
essentially of measuring the ultrasonic velocity through the stressed material. 
Although stress and numerous material properties affect the velocity of sound 
in a medium, effects of property variations can be accounted for by adequate 
calibration procedures. Thus, additional velocity changes can be attributed 
to stress. Satisfactory calibration procedures include a determination of the 
velocity change/stress change ratio and the establishment of a calibration 
factor based on material variability. Subsequent to the preliminary work, on 
small rectangular specimens, ultrasonic velocity measurements were made 
on several railroad wheels and on incrementally loaded rail segments. This 
work demonstrated that reliable ultrasonic velocity measurements can be 
made and that the magnitude of velocity changes can be related to stress level 
changes in wheels and to residual stress in rail. 


INTRODUCTION 


T. tirri. iU ux'H'ls tuuari.l lusher inU speeds seem lo be puslilnti present 
ulieel desiiius bevuiid llieit' eapueilv. Hailfoad equipiiTunt is capable of speeds 
M|i lo 15*1 iiiiles pel* lioui* lail U iS restricled lo luwei* speeds primarib' because 
of Ihe mui.iiUlv of vaieeb lo wiilTSland e!Tiet*HeiTcy braking at liigh speebis. HlgU 
speed braking generates Ihermal cracks in wheel tread which can result in 
explosive tvpe failures* More specifically, compressive residual stresses in 
the rims of wheels al e evehtuallv reduced lo Zero by excessive Ileal and, sub- 
se'iuenUv. cracking occurs as addilional braking loads Ihe tread in LeUsion. 

‘rhus, ra|iid atul elfeclive nielhods of detecting and measuring stress changes 
in wheels ai‘e neede‘l lo avoid catasirophic failures. Additionally, many stress- 
related rail laih 'es also occur. Modern railroads use long lengths of welded 
rail in buddiiig irack to Increase the safety and comfort of passengers and lo 
reduce operaliunal costs. However, all maintenance problems are not oUm- 
inaled In welding rail, riiermal stresses that can cause failure build up in 
long, eonumious lenglhs ol li'ack, in summer weather, heat-indueed compres- 
sive slt'esseS may cause rail lo buckle and the low temperatures in winter result 
in lenslle stresses ihat can break rail. These failures occur as excessive stress 
builds up in specific track sections when the unilorm distribution of the thermal 
stresses is disturbed liy improper conditions of ties, ballast, or rail anchors, 
b'ince tlTese conditions cannot always be avoided, effective methods of detecting 
aiul measuring excessive stress levels are required, 

biliasunie ieehtTiques have been used at Marshall Space Flight Center 
( MSFC) tor Several years Lo measure stress changes in alunTinum and to some 
exfeiil in steel, 'riiese techniques are based on the principle that stress will 
cfiange Hie velocity of ultrasonic waves propagating in tnetallic materials. 'Hius, 
with adequate calibration, an accurate velocity determination becomes a meas- 
ure of stress. Ultrasonic velocity changes per unit load or stress level change 
are less for steel than lor aluminum. However, the significance of this negative 
fact is diminished by the high stress levels usually existing in steel structures, 
'riuis, high expected stress levels and uniform wheel and rail geometries make 
tile ultrasonic metliod attractive as a possible solution for both of the stress- 
related railroad problems, 

(_)bjectives of the program initiated for the purpose of solving the prob- 
lems included the determiiTation of feasibility and practicality of using ultra- 
sonic teelmiques to nondestructively measure stress in rail and to determine 
tlie relationship of residual stress changes in the rim and subsequent thermal 
crack growtlT on the tread to the number of high speed stops for railroad wheels. 
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ExiKrimmliil work ussofiaiod with tho {>rogi‘um included an uvuluation of the 
effects of nmtei'Uil variability* t;coinetric variability, temperature, and trans- 
ducer coU))lintj teehniques on measurement accuracy. In addition, Initial ultra- 
sonic Velocity (stress) and attenuation measurements made on specimens of 
rail and wheel steels showed that excessive attenuation occurred at 7 MH:;, the 
frequency used for measuring stress in aluminum alloys. Consequently, the 
test frequency liad to be changed to reduce signal attenuation. Transducers 
suitable for 2 Mllz operation were then designed, fabricated, and tested to 
overcome this problem. Attenuation at this lower frequency was acceptable 
and permitted accuracy in measurements. 


TECHNIQUE AND INSTRUMENTATION UTILIZED 
IN MEASURING STRESS 


The determination of stress levels using the ultrasonic method consists 
essentially of measuring the idtrasonic velocity through the stressed material. 
Although stress and numerous material properties affect the velocity of sound 
in a medium, effects of property variations can be accounted for by adequate 
calibration procedures. Thus, additional velocity changes can be attributed 
to stress. 


The selected technique of measuring velocity Is basically a differential 
time measurement as depicted in part by Figure 1. Two ultrasonic transducers 
are energized by a single pulse generator. One of the transducers is placed on 
a stressed specimen and the other on an unstressed reference block. Each 
signal is monitored on a separate channel of a dual beam oscilloscope. The 
time base of the oscilloscope is expanded until each cycle of the narrow pulses 
can be observed. The distance or time b tween corresponding peaks of the 
two signals is proportional to the stress level in the specimen. An accurate 
value for the distance between peaks can be obtained by turning the delay- time 
multiplier knob on the oscilloscope until both signals are coincident. Photo- 
graplis illustrating the mechanics of making stress measurements in railroad 
components are shown in Figures 2 through 5. Figures 2 and 2 show overall 
and close-up views, respectively, of a shear wave transducer and holding 
fixture utilized in measuring stress in wheels. Similar coupling methods are 
used for measuring stress in rail. In each case, a thin layer of highly viscous 
couplant* is used, allowing easy rotation of die transducer. Typical segments 


1. The couplant is the resin portion of an adhesive called ’’Lefkoweld 109. " 


3 


of rofl'icled pulsos from stressed and unstrosseJ materials are shown in Fig- 
ure 4. Figure 5 depicts the oscilloscope pattej n subsequent to the coincidence 
udiustment. 



Figure 1. Block diagram of ultrasonic stress 
measurement instrumentation. 


ULTRASONIC MEASUREMENT OF STRESS IN RAILROAD WHEELS 


Work described in tins section of the report is part of a larger program 
iiuliaiud by the Federal Railroad Administration to determine the relationship 
of residual stress changes in the rim and thermal crack growth in the tread to 
the muuber of high speed stops for railroad wheels. In addition to ultrasonic 
work at MSFC, nondestructive stress measurements of the Barkhausen noise 
type have been made at bouthwost Research Institute. Necessary metallurg.'cal 
work, thermal loading of test wheels, and destructive stress and crack growth 
analyses are responsibilities of the Umted States Steel Corporation. Subsequent 
to the completion of all laboratory work, stress values obtained nondestructively 
will be compared to destructive measurements. 
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Calibration 


ClUingfS in ultrasonic vuloclty caused by stress are small percentages 
of the velocity in unstressed material. Consequently, very accurate and 
reliable measurements are required to obtain useful Information. Furthermore, 
time or Vf-Iocity change measurements can be made with greater accuracy than 
absolute measurements. This fact is indicated by the mechanics of the measure- 
ment procedure previously described. However, the double refracting or 
birefringent characteristic of metals and the selection of calibratlrn blocks 
Were not discussed. Briefly, a double refracting or anisotropic material 
loaded In compression will cause shear waves polarized paralled to the prin- 
cipal stress '.xls to travel faster than similar waves polarized perpendicular 
to ll. Thus, the velocity difference or phase relationship of these waves sub- 
sequent to passing thi'ough loaded metal becomes a measure of stress in the 
material 1 1, 2, d, 4, 5! . So in the case of a wheel, the difference in velocity 
of circumferentially and radially oriented shear waves through the rim is a 
measure of the average stress existing there. However, since velocity is 
affected by material properties as well as stress, efforts were made to reduce 
the effect of these par..meters by carefully selecting a suitable calibration block 
as depicted in Figures G and 7. Ideally, this block should be of the same 
material and Iiave the same preferential grain alignment and exact thickness 
as the rim of the wheel, and it should be stress relieved. As indicated in 
Figures e and 7, a good approximation of the ideal block can be attained and 
it serves the following purposes; 

1. Used in determining the stress constant. 

2. Used as a delay line. 

3. Reduces effects of temperature and material property variations on 
measurement u'^'curacy. 


4. Provides potential for measurii^ stress components rather than 
only a resultant stress value, 

5. Allows some measure of material variability. 

The stress constant or ultrasonic velocity change per unit load was 
determined by placing the block in a press and measuring velocity changes as 
it was incrementally loaded. Loads were applied as indicated in Figure 6 to 
simulate compressive circumferential stress in a wheel. An unstressed block 



TMANSDUCER 

LOCATIONS 


Figure 15. Urientalion of calihraiion hliu-k witli respect to wheel 


7. Calibration bloi'k anil location of transducers 
lor initial instrumentation adjustments. 
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uiis USL-il as a dL*la\ Ihlc lu oljiuin a rclrivik'i.' pulsi-. l"oi' eucli loud Il'Vc!. 
volui ilv ur tii)u> clumtiL* nie isurcmenls wuiv madL- with the shear wave iraiis- 
dueei* puhui/ed parallel to the ina jur st ' r-ss axis and then perpendieular to it, 
Hesulls ol‘ a tvptea! eunstaiit delerminatton are shown in Table 1. Obvii>usly, 
when ultras'inie waves are polarized parallel to tile prineipal atiess axis, time 
ehange magniUides lor given load changes are greater than corresponding time 
changes tor waves polarized in a perpendieular direction. Negative numbers 
indicate shorter ultrasonic propagation limes and positive numbers indicate 
greater time than tlie reference value. Differences between triinsit tlntes for 
tile two polarizations were used to obtain the time ehange per load level change. 
This information, aloiig witli the total path length and the magnitude of each 
loud level change, was used to calculate a stress constant of 2 , dl x 1 O’*** 
nsec/m/N/m^ (0.405 nsee/in. /ksi) . SU’ess constants for the three types of 
wheels investigated are shown in Table 2. 


Experimental Results 


Circumferentially and ratlially oriented shear wave velocity measure- 
ments were made tlirough the rim of eaeli wheel at locations spaced 4 5 deg 
apart. Measurement procedures included initial instrumentation adjustments 
to make the test and reference pulses coincident and to make the time delay 
control read dOn divisions when both transducers were placed on the same 
reference block. Tlien, the test transducer was placed with corresponding 
polarization on the wheel and a time differential w*as determined by adjusting 
the delay control to make both pulses coincident again. A similar determi- 
nation was then made using a 90 deg ehange in shear wave polarization. 
Typical values obtained for eight locations on a wheel are shown in Table 2. 
The difference between corresponding radial and circumferential time values 
represents stress. 


Knowledge of the ultrasonic path length and tile time base setting of 
the oscilloscope allows u determination of reflection time differences between 
radially and circumferentially polarized ultrasonic waves in nanoseconds per 
unit length of stressed material. Data for ail wheel measurements made to 
date are presented in Table 4. These data and the stress constant previously 
determined can be used to calculate apparent stress in all the wheels and a 
stress change in wheel number 2470- A. This particular wheel was subjected 
to simulated high speed braking after the initial ultrasonic velocity determi- 
nations were made. Data for a second set of velocity measurements made 
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TABLE 1. CUN'STANT DETERMrNATIuN FuU AN MCR-.Jo BETERENCE BLuCK 
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TABLE 2. S'rUESS COMSTAMTS FOB SELECTED WHEEL MATERULS 


T\l)e of Wheel 

Stress Constant 

nsee/m/N/m’ x 1 0~“ ( nsec/in. /ksO 

M-CR-y:; 
Mulii-W(-ar 
Wrought S»eel 

2.yl (U.4U5) 

I-J-yG 
Italian Steel 
Wrought Steel 

2 . yo ( o.4lyl 

c-cj-yu 

Cast Steel 

2.32 (0.406) 


TABLE y. TYPICAL ULTRASONIC VELOCITY MEASUREMENTS 



1 


Dial Readings (Divisions) 

Tr 

1 

ducer Positions 

Radial 

Polarization 

Circumferential 

Polarization 

Both on Calibration 
Block 

you 

300 

Wheel Positions of 
Test Transducer 




1 

201.2 

173.5 


2 

197, 8 

180.3 


y 

199. 5 

199.1 


4 

200. 0 

180.9 


5 

196.4 

175. 1 


6 

208.0 

186.0 


7 

202.1 

183.5 


8 

194.8 

170,5 


























Huijsoquunt (u lllcrnuil linuliiiji are shown in ‘rnblo 5. Those dila sliow slynU- 
ieant veloeitv ehunges that are equivaient to an average stress ehange of 
t). i> ^ in^ N nr ( la.li ksi) for the eiglit measurements. TJiese thermally 
indueed stress eliunge values ai‘e eotisldered ueeurate sinee the stress constant 
previously determined is repeatable. 


ULTRASONIC MEASUREMENT OF STRESS IN RAIL 


Shear Wave Measurement 

yhear wave stress determinations are made, as previously described 
in detail, by measuring sound wave transit times as a transducer is adjusted 
so particle motion in the specimen is first longitudinal and then in the trans- 
verse direction. The tli lie rent ial time change is a measure of stress in the 
material. Tiiis technique was used to obtain tlie stress constant or velocity 
change per unit load change ratio for small [2.5-1 by y. bl by 12, 7(J cm (1 by 
1 , 5 by 5 in. ) I rectangidar specimens of rail steel. An average value obtained 
lor this ratio was 2. 5y/nsec/m/N/m"'^ (U.d42 nsec/in. /ksi) . 


Subsequent to stress constant determination, measurements were made 
in incrementally loaded rail segments. Initially, tliese were made with the 
transducer clamped on lop of the i‘ail as sliown in Figure b. Then, at each load 
level a value foi* the average stress tlirough llie entire rail was determined, 
Altliough reliable stress determinations were made in tliis manner, it was 
learned tiuil the rail industry is more concerned about stress in rail heads 
than in entire rails. Conset|Uently, all subsequent shear wave stress measure- 
ments were made with the transflucer clamped to the side of rail segments as 
depicted in Figure h. This figure also shows a referenta* block consisting of 
a rail head segment tiiat was utilized in a manner analogous to the previously 
described calibration block cut frotn the tread of a railroad wheel. Measure- 
ments on an incrementally loaded rail segment are presented in Table 0 in 
terms of instrument indications as a function of load level. Data reduction 
and stress constant determination are given in Table 7. Since the oscilloscope 
was adjusted to make each division of the delay knob equal to 5 nsec, all data 
in Table 0 were multiplied by 5. Then, the value obtained for the parallel 
polarization at zero applied load w'as selected as a reference point for ckita 
reduction. All time differences between this and other data points of both 
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Fi|{uru b. MuUuxl of coupling sound into thu lop of u rail scKinont 


Figure 9. Location selected for transmitting sound into rail heads 
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l ABLl:: li. STJiESS MEASUIMSMEN'i' DATA vOR A RAIL SEGMENT 


Applied Load, 
N/m^ ■ lu' (ksi) 

Dial Readings (Divisions) 

Parallel 

Polarization 

Perpendicular 

Polarization 

0 (n) 

3ta. 9 

427. 9 

3.44 (5) 

3bl.U 

429. 1 

U. by :■ ’ n) 

37b. 0 

429,0 

1 II. 32 ( 1 5) 

370. b 

430. 1 

13.70 (20) 

374.2 

430.2 


polarizations aru shovMi in Tablo 7. Nogativo numbers indivute less ultrasonic 
propagation time and positive numbers indicate more time than the reference 
value. Kurlliermore, parallel orientated vibrations are niore sensitive to load 
clianges tijatj perpendicular ones and result in greater time changes for a given 
stress change. Next, the cumulative load-induced time changes were obtained, 
as indicated in other columns of the table, and were used with the distance 
{ 1 5. 11 cm ( 5. 95 in. ) I the souJid traveled to calculate a stress constant of 
2.40 nsec/nv/N/in^ (U.42 nsec/in. /ksi) . 

As previously stated, an average stress constant of 2. 53 nsec/m/N/m^ 
{o.n2 nsec/in. /I;sl) was determined for three small rectangular specimens. 

A |ihotograpli of tins and other specimen typos is shown in Figure 10 which 
includes all types investigated except the 91.44 cm (30 in.) rail segnient 
designated S,,. Stress constant values for all of these specimens are presented 
in Table b. The initial reason for utilizing a rectangular specimen to deter- 
mine stress constants was to eliminate possible effects of complex rail geom- 
etry. Consequently, it is of interest to note that values obtained for rail 
segments ar<^- lower and those for rail heads are higher than average. Perhaps 
more significantly, the average value of constants for segments Sj through 
is essentially equal to that obtained for the small rectangular specimen. Thus, 
the constant obtained with the rectangular material is considered adequate for 
use in measuring stress level iu ran. jtlowever, in addition to a stress con- 
stant, knowledge of material varialjility is *'equired before an acceptable 
measurement of stress in long welded rail caii oe made. This problem and a 
feasible approach to its solution is addressed in the following paragraphs. 
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TABLE 7. DATA REDUCTION FOR STRESS CONSTANT DETERMINATION 



2.40 y 10® nsec/m/N/m 
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Figure 10. Specimen types utilized in stress constant determinations. 
TABLE 8. STRESS CONSTANTS FOR SELECTED HAIL SPECIMENS 


Specimen 

Stress Constant I 

nsec/m/N/m*x 10* ( nsec/in. Asl) 

2. 54 by 3. H by 1 2. 7 cm 
( 1 by 1 . 5 by 5 in. ) 

2. 53 (0.442) 

S|, 12. 7 cm ( 5 in. ) 
Rail Segment 

2.46 (0.431) 

S2» 10. 2 cm (4 in. ) 
Rail Head 

2.61 (0.456) 

S3, 10. 2 cm (4 in. ) 
Rail Head 

2.57 (0.450) 

S4, 91.4 cm ( 36 in. ) 
Rail Segment 

2.40 (0.420) 

Average — S,, Sj, S3, 
and S4 

2. 50 (0.439) 


A 








In i‘niorntiL*Li to I’ublo 7, obsorve Uuit the nsee time ehange obtained 
at Zero applied uiion the ti'ansdiieci* was 1‘otaleil 5)0 dot; is a nioasufe of 

tlie anisotropy in the rail and tiiat It Is eliminated when stress <-hange ealeula- 
tions are made, l-‘or each partleular rail, tliis time ililTerentlul at zei'i^ applied 
stress appears to be a reliable Indleator ot eou‘esponding material unistropy, 
Uf eourse, evaluations ot iiumerous rail segments are required to establish an 
adequate stalistkal basis tor tills and to determine whether or not additional 
material parameters must be eonsiderod in nieasuring residual stress. But it 
is elear that time ehanges eaused by highly oriented, unstressed rail material 
are large and this fact suggests a proeedure tor making field type stress meas- 
urements. tiueh a proeedure should pro.ide for a measurement ot residual as 
well as applied stress witlj aeeeptable aeeuracy. Major requirements for tills 
procedure ax*e outlined below*: 


1 . Utilize about 5. ub em (Z in, ) on the end of each rail as a standard. 

Z, tX-t ermine tlie anisotropic factor. 

3. Measure the transit Lime differential between parallel and perpen- 
dicular polarizations of sound In a welded rail. 

4. Subtract the anistropie factor from the time differential and com- 
pute the stress level by dividing the i*emainder by the stress constant and the 
ultrasonic path length. 


Surface Wave Measurements 

Althoi i ultrasonic surface wave velocity measurements have been used 
for years to determine near-surface stress in aluminum alloys and, to a 
limited extent, in steel, the fimdameiitals are not as well established as Uiose 
for shear waves. Published literature does not cover this aspect of surface 
wave tlieory very w ell. However, work at MS PC has shown that accurate and 
repeatable stress change determinations can be made by utilizing a small 
ultrasonic transducer having a separation of only 2.54 cm (1 in.) between 
transmitting and receiving crystals. This technique works especially well in 
aluminum since the change in velocity for a given load change is much greater 
for aluminum than for steel. This makes velocity measurements in steel dif- 
ficult since time change intervals corresponding to velocity changes for the 
2, 54 cm (1 in. ) path length are so short. A longer path length should reduce 
measurement errors by minimizing the effect of transducer coupling variations. 
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L'MiistMiucittiv , li'.lun s a)i«l I runsilucei's suiuiblc I'ur oouplin^r surface waves into 
J'-Miu leioUiis el rail were i,ieveln|jei-l anil utilized, as liepicleil in Figure 11, to 
iiliieve tills pui'i<L>se. Iluvwver, results uf jueasureinents ov'er a 70.2 cm 
j::i' ill. ) path leuulli laiseil aiklili'inal iiuestions about the relationship of ultra- 
sonic sui taee waVi." velorilv to stress. A casual observation of experlniental 
iVsuUs sliown in table P (-•Ive the in'pressioii of a very effective measurement 
ol stress 1(1 the fail but this proves to be incorrect. A brief review of measure- 
liieiil 1 1 rule' lures hiav be helpful in iFustfating this point. 

Tile short path length transducer Is self-contained with a constant 2. 54 
eni I 1 in, ) ilistunee between transmitting and receiving crystals and it is 
appliu'.l to specimen after the material is loaded. Thus, data obtained this way 
do nut have to be corrected for strain. Two separate transducers were used 
to maUe yiniacc wave measurements over the 70.2 cm (20 in.) path length 
and lor rnurvimum aeeurac\ they were attuclied to the rail before it was loaded; 
so a strain correclujn was required. 

Experimental ultrasonic measurements showed a transit time change of 
Iy7 nsec over the 70.2 cm (20 in.) path length at maximum load. However, 
a call Illation of the time change caused by compression of the specimen during 
loading was IhO nsec. Thus, the required strain correction essentially can- 
celled the time change measured ultrasonically. So for this particular material, 
tile velocitv dependence of ultrasonic surface waves on stress is much smaller 
than previous measurements indicated. Obviously, this contradicts results 
previoublv obtained by measuring time changes over 2.54 cm (1 in.) path 
lengtlis. file only logical answer, which available evidence appears to 
support, is that deformations of a surface by short, dual contact transducers 
efleclivelv change the distance between transmitting and receiving crystals, 
rile magiiitiide ol these deformations is, among other things, a function of 
stress in the material. Thus, a measurement of surface wave transit time 
with a dual cuiuaet transducer is a measurement of stress, although a path 
length ciiange rather than a velocity change is the major stress- related param- 
eter for steel. Obviously, path length changes caused by surface deformation 
becomes less significant as the trtal ultrasonic path length increases. 

In summary, the short transducer can be used to measure stress, but 
meduuiisins involved include velocity changes and surface deformation 
phenomena, 'l liu technique works well witli aluminum since both mechanisms 
a:e sensitive to stress changes in this relatively soft material; however, 
neither the short or long path length technique is recommended for steel. The 
stress- related velocity changes are essentially zero for surface waves in rail 
Steel and the material is too iuird to obtain reliable results by the surface 
lie format i on in eel : ai lis i n • 
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TABLK SI. SUUrACIi: WAVIv VKLiXri'Y MEASUHKMENTS 
UN A LONG HAIL SEGMENT 


Load, 

N/nr < 10' (Ksi) 

Dial Headings 
( Divisions) 

Time Changes, 
nsec 

0 (0) 

300. 2 

0 

3,d3 {'1.9.S) 

291.4 

44.0 

T.II5 (10,23) 

281.0 

51.0 

10.70 { 15.5-1) 

271.7 

40. 5 

M.35 (20, 32) 

202. 5 

40.0 

'I'otal I'ime Change 


187.5 


Techniques of Coupling Shear Waves Into Metal 
At Elevated Temperatures 

Practical mcaaurcnionls ol' stress with ultrasonic shear waves cannot 
be made in an optiiimni manner without elTcctive, rapitUy coupled transducers 
tlial can be easily rotated. A highly viscous couplant meets these requirements 
when a I'irm yet moderate pressure is applied to the transducer. As previously 
described, the resin portion of an adhesive called "Lelkoweld 109" is ver>' 
satisfactory for this pui'pose at room temperatures. However, the necessity 
of measuring stress in either lioL or cold rail required an evaluation of the 
effects of temperature variations on coupling characteristics of the resin. 

'Hiis e valuation was accomplished by attempting to measure stress on a rail 
specimen heated to 52*C ( 125'’ F) with high energy' lamps. The resin became 
less viscous and would not transmit ultrasonic shear waves in a reliable 
manner. Several other couplants were tested in an effort to overcome the 
problem before finding that a special mixture of Elmer's waterproof glue would 
maintain adequate viscosity at 52® C (125*F). This glue consists of a powder 
catalyst and liquid resin usually mixed in a ratio of 3 to 4 parts, respectively. 



Uut a imxluiv ul uuo |uU’L cukilvsl lu 1 1 '> purls ol t’ositi produced u viscous 
nuUorial suUuble lor use us u lugh lemperulure coupluiu. 


iny,!' |->ressure cou|»lin}; of acoustic eileruy into steel was investigated 
as an alternate tuelliod of solving the problem of measuring stress at elevated 
teniperaUiivs. A special transducer designed for this purpose was fabricated 
and tested as indicated in Figure 12. Tlie transducer was placed on a block of 
steel and loaded incremcntallv in a laboratoiy press until ultrasonic reflections 
were obtained from the back side of the block. Tills required a force of about 
b. 25 • In* N/nr ( i2 ksO lu obtain a detectable signal across a steel to steel 
interface and 1 2. I u“ N/nk to 1 3. Tii • 1 n‘ N/ nr f 1 s to 2n ksi) to obtain 
effective coupling. Considerablv less force was required for coupling the 
sleel transducer to an aluminum block. TlieSe tests proved that ultrasonic 
shear waves can be transmitted across metallic interfaces williout the use of 
a couplant. IJecause of this finding, fixtures for clamping the transducer load- 
ing apparatus to a rail were designed and fabricated. I'lie clamping illustrated 
in Figure 13 was utilised to measure stress in a rail segment incrementally 
loaded witli a large press. These stress determinations demonstrated feasi- 


bility of tile pressure technique of coupling soiuid into steel. Obviously, 
however, the large coupling forces will affect stress patterns existing in rail 
and must be aceoiuiLet.1 for by suitable calibration procedures. 


A third metliod of solving or at least of minimizing the elevated temper- 
ature coupling problem was investigated to a limited extent, I'his involved 
the use ol a transducer containing two crystals side by side having mutually 
perpendicular polarizations, Souiul beams from these crystals overlap to 
some extent and average the stress over a larger voltmie of material than 
occurs wlieii a single crystal is rotated, but it allows tile use of a semipermanent 
adhesive which slioidd maintain coupling integrity over the required temperature 
range. Allhougli melting and remelting of the adhesive is time consuming, 
this approach could be useful wlieii only a few stress measurements are required. 
Verification of the basic technique was accomplished at room temperature and 
tile stress constant obtained was only slightly higher than the average of several 
single crystal measurements. 


It should also be noted that a modification of tlie dual crystal transducer 
is applicable to pressure coupled soiuid insertion and that a transducer of this 
type could eliminate the requirement of having reference blocks of the type 
previously described in this eport. Only a few changes in tlie instrumentation 
would be necessary to accomplish this type of testing. 
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LOADING FORCE 


QUARTZ 

CRYSTAL 



Figure 1 2. Shear wave sound insertion witliout use of a viscous couplant. 


CONCLUSIONS 


Ullrasonic velocity nieasui’emelUs have been made on several raiU’oad 
wheels, wheel segiiieiUs, rail segments, and calibration blocks fabricated from 
representative materials. Repealed measurements vary less than 1 nsec from 
initial determinations and are of sufficient accuracy to be useful. However, 
material variability causes variations of ultrasonic velocity in addition to tliat 
caused by stress. These variations are small percentages of the characteristic 
velocity of a specific material but are large compared to velocity changes caused 
by stress. Nevertheless, stress change measurements can be made with satis- 
factory accuracy and useful determinations of residual stress are obtainable. 
However, a careful preliminary evaluation of material characteristics is 
necessary before acceptable measuremeius of residual stress can be made. 
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In aili.liUL>n l*.» Ihc L-onslatU Uc-terinilnitkm, a L-ulibrulion factor is 

rciluircil uilil sliouUl incliKic the effects of imitcriiil unisotropy and any oLlier 
iniratnctcr llial uffecls tile characteristic velocity of sound in un unstressed 
specimen. This factor is more difficult to obtain for wheels Uuin for rails. 

1‘here is considerable variability in unloaded reference blocks of wheel 
steel uliich causes variations of ultrasonic velocity that are not stress related, 
riiis precludes the accurate nieasurenient of total wheel stress luitil an 
independent nondestructive method is available for uv:>.luatlng material variabil- 
ity. However, reliable stress change measurements can be made since all 
data ublainud to dale indicate that tile stress constant is reliable. Thus, base- 
line data can be obtained for each new wheel and subsequent measurements 
Oil used wheels will reVeal stress changes due to thermal loatling generated by 
emergency braking. 


Kail geometry accommodates residual stress measurements mucli 
better than the wheel configuration. New wheel rims contain high residual 
st resses and great material variability from wheel to wheel, but the last few 


inches near the end of each unwelded 


rail can serve as a convenient reference 


block since any residual stress is relatively low and material characteristics 
should be statistically representative of the entire rail. 'I’lius, any measure- 
ment on a corresponding rail subsequent to welding will be a useful determi- 
nation of total stress in the rail head and it whll be within acceptable limits 


of accuracy. 


The laboratory work described in this report has demonstrated that 
reliable stress measurements can be made ultrasonically and that the tech- 
nolog>’ has vast potential utility in the railroad industry. 
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